The NIKA2 polarization channel at 260 GHz (1.15 mm) has been proposed primarily to observe galactic star-forming regions and probe the critical scales between 0.01-0.05 pc at which magnetic field lines may channel the matter of interstellar filaments into growing dense cores. The NIKA2 polarimeter consists of a room temperature continuously rotating multi-mesh HWP and a *
cold polarizer that separates the two orthogonal polarizations onto two 260 GHz KIDs arrays. We describe in this paper the preliminary results obtained during the most recent commissioning campaign performed in December 2018. We concentrate here on the analysis of the extended sources, while the observation of compact sources is presented in a companion paper [12] . We present preliminary NIKA2 polarization maps of the Crab nebula. We find that the integrated polarization intensity flux measured by NIKA2 is consistent with expectations. In terms of polarization angle, we are still limited by systematic uncertainties that will be further investigated in the forthcoming commissioning campaigns.
Introduction
The interstellar medium is permeated by large-scale magnetic fields [1] . These magnetic fields are observed in molecular clouds and are suggested to have a crucial role in regulating the fragmentation of dense filaments and in channeling filament material into prestellar cores [2, 3] . Observations of linearly-polarized continuum emission from magnetically-aligned dust grains at mm and submm wavelengths are a powerful tool to measure the morphology and structure of the magnetic field lines in star-forming clouds and dense cores [3] . The dust polarization maps provided by the Planck satellite have revealed a large-scale regular morphology for the Galactic magnetic field (GMF). The orientation of this magnetic field tends to be parallel to low matter density and perpendicular to high matter density structures [4] . Using complementary total intensity high angular resolution observations provided by the Herschel satellite [5] [6] [7] [8] it has been shown that galactic filamentary structures are associated with an organized magnetic field topology at scales larger than 0.5 pc. To probe the role played by the magnetic fields in the star formation mechanism, we need to explore smaller angular scales within the filaments. This could be performed with the polarization channel of NIKA2 [9] at 260 GHz (1.15 mm), which will provide an in-depth view of the magnetic fields at the critical scales of 0.01 to 0.1 pc, thanks to an angular resolution of 11.2 arcsec. In addition, the NIKA2 camera has dual band capability, providing simultaneous observations in total intensity at 150 GHz (2.05 mm) with an angular resolution of 17.5 arcsec.
NIKApolarization system and detection strategy
The NIKA2 polarization system consists of a room temperature continuously rotating halfwave plate (HWP) and a fixed polarizer mounted inside the cryostat at base temperature of 150 mK [9] . The cold polarizer separates with high purity the two polarization onto two different KID arrays (see Figure 1 ). Figure 2 shows the configurations in total power observations and polarization mode. In the latter, the HWP is placed in front of the cryostat window. The rotation of the HWP modulates the incident polarization. As a consequence, the polarization signal is shifted at the fourth harmonic of the HWP rotation frequency ω and can be recovered by using a demodulation technique, which consists of a numerical lock-in around the 4ω [10] frequency. This detection strategy allows a quasi-simultaneous observation of the three Stokes parameters I, Q, and U although HWP-induced systematic effects are observed and need to be subtracted. The most important one corresponds to a parasitic signal at all harmonics of the HWP rotation frequency ω. This systematic effect, which is common to all the pixels of the KID array, is called HWP Synchronous Signal (HWPSS) and it is corrected in the data analysis [10] . Furthermore, we also observe in the NIKA2 polarization data intensity to polarization leakage, which constitutes to date the most critical systematic effect. From observations of Uranus, which can be considered as unpolarized, we have estimated a maximum fractional instrumental polarization varying from 0.45 % to 1.84 % in Stokes U and from 1.27 % to 2.16 % in Stokes Q [12] . A similar effect was observed for the NIKA camera and we developed a procedure to correct for it [10] . Although the intensity to polarization leakage in NIKA2 is about a factor 2 lower than in NIKA, it can not be corrected for using the NIKA procedure because it varies more significantly with elevation. Work is in progress to account for this effect and it is the priority of the forthcoming commissioning campaigns. In this paper, we concentrate on extended sources for which the intensity to polarization leakage effect is reduced when averaging across the source (see [10, 11] ).
NIKA2 first polarization light on the Crab Nebula
For the NIKA2 commissioning, we concentrated on observations of the Crab Nebula, which were taken in December 2018. The Crab nebula is a supernova remnant that is generally considered as a good polarization angle calibrator for polarization experiments ( [11, 13] ). The spectral energy distribution in both intensity and polarization of the Crab nebula is well described by a single power law spectrum, as expected from synchrotron emission powered by a single population of relativistic electrons [11] . As a consequence, we expect the Crab nebula degree and polarization angle to be constant at radio and millimeter wavelengths. This has been shown by [11] using intensity and polarization observations of the Crab nebula from 23 to 217 GHz. However, other emission contributions are expected and they could be investigated using NIKA2 among other experiments. Figure 3 shows the 1.15 mm NIKA2 maps of Stokes I, Q, and U. Polarized vectors, where the polarization intensity SNR is larger than 3σ, are also overplotted on the intensity map. The polarization intensity flux integrated over the extension of the Crab nebula is 12.3 ± 0.1 Jy (statistical uncertainties only). This value is consistent with the expectation from the polarization intensity SED given in [11] . For the Stokes I map we obtain a total flux of 158.04±0.18 Jy (statistical uncertainties only). The discrepancy between the recovered flux in total intensity and the expected one [11] may be due to filtering effects that were not fully taken into account on this preliminary result. In terms of polarization angle, we find (-86.9±0.1) • (statistical uncertainties only), which is only marginally consistent with the averaged value of (-87.7±0.3) • estimated at these frequencies by [11] . Although NIKA2 preliminary results are fairly consistent with Planck satellite results given in [11] , there are still few systematic effects observed on compact sources that need to be addressed. Systematic uncertainties due to the HWPSS and to the intensity to polarization leakage are under investigation and will require extra commissioning campaigns, which are planned for early 2020. At present we still observe significant discrepancy between the polarization angle calibration deduced from compact and extended sources, which is mainly related to the intensity to polarization leakage correction [12] .
Summary and conclusions
The NIKA2 polarization channel at 260 GHz entered its commissioning phase in Autumn 2017, when the NIKA2 camera was officially offered to the community for total intensity observations. Because of hardware problems and bad weather, first reliable data were only obtained in December 2018. During this commissioning campaign, we were able to observe well known compact (see [12] ) and extended sources including the Crab nebula. In this paper, we have presented the preliminary NIKA2 polarization maps of the Crab nebula. These maps allowed us to compute the integrated polarization flux, which is consistent with expectations from the polarization SED shown in [11] . Preliminary NIKA2 measurements of the Crab polarization angle indicate fair agreement with expectations although systematic uncertainties are not fully understood to date. Overall the current analysis is still limited by systematic effects and requires further investigation. Extra commissioning campaigns are planned for early 2020.
